Background. In the UK, primary care records are electronic and require doctors to ascribe disease codes to direct care plans and facilitate safe prescribing. We investigated factors associated with coding of chronic kidney disease (CKD) in patients with reduced kidney function and the impact this has on patient management. Methods. We identified patients meeting biochemical criteria for CKD (two estimated glomerular filtration rates <60 mL/ min/1.73 m 2 taken >90 days apart) from 1039 general practitioner (GP) practices in a UK audit. Clustered logistic regression was used to identify factors associated with coding for CKD and improvement in coding as a result of the audit process. We investigated the relationship between coding and five interventions recommended for CKD: achieving blood pressure targets, proteinuria testing, statin prescription and flu and pneumococcal vaccination. Results. Of 256 000 patients with biochemical CKD, 30% did not have a GP CKD code. Males, older patients, those with more severe CKD, diabetes or hypertension or those prescribed statins were more likely to have a CKD code. Among those with continued biochemical CKD following audit, these same characteristics increased the odds of improved coding. Patients without any kidney diagnosis were less likely to receive optimal care than those coded for CKD [e.g. odds ratio for meeting blood pressure target 0.78 (95% confidence interval 0.76-0.79)]. Conclusion. Older age, male sex, diabetes and hypertension are associated with coding for those with biochemical CKD. CKD coding is associated with receiving key primary care interventions recommended for CKD. Increased efforts to incentivize CKD coding may improve outcomes for CKD patients.
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I N T R O D U C T I O N
Chronic kidney disease (CKD) has an estimated prevalence in the UK of $5-7% [1, 2] , based on creatinine measurements for Stages 3-5 disease. The majority of CKD patients are diagnosed and managed by primary care physicians rather than kidney specialists in secondary care settings. Early identification of people with CKD in primary care, particularly among populations with risk factors such as diabetes and hypertension, enables early management of high blood pressure and correction of adverse lifestyle factors. Progression of CKD can be delayed by such interventions [3] and the implementation of these interventions can be improved by use of quality improvement (QI) tools in primary care [4] .
In the UK, primary care health records are computerized, with each condition given a diagnostic Read code to enable more systematic patient management and appropriate prescribing. The UK Quality and Outcomes Framework (QOF) [5] is an ongoing pay-for-performance system that incentivizes aspects of primary care delivery. Coding for CKD based on two estimated glomerular filtration rate (eGFR) measurements <60 mL/min/1.73 m 2 within 90 days has been incentivized in the QOF; however, there is evidence to suggest that this system does not capture all CKD cases meeting diagnostic criteria. It has been reported that only 55-70% of patients with biochemical evidence of CKD (Stages 3-5) have an appropriate Read code in general practitioner (GP) practice databases [6] [7] [8] . Practice-level prevalence of coded CKD (as captured in the QOF) is positively associated with practice V C The Author 2017. Published by Oxford University Press on behalf of ERA-EDTA. This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/ by-nc/4.0/), which permits non-commercial re-use, distribution, and reproduction in any medium, provided the original work is properly cited. For commercial re-use, please contact journals.permissions@oup.com 1373 prevalence of diabetes and cardiovascular disease (CVD) and negatively associated with social deprivation [9] . The extent of this lack of coding varies widely by GP practice, even after accounting for practice-level differences in risk factors such as diabetes [7] . The QOF registers are also subject to error relating to cases coded as CKD in the absence of biochemical evidence; recent data suggests that 11% of cases on QOF registers do not fulfil biochemical testing criteria, rising to 36% among those with black ethnicity [1] . It has further been shown that appropriate coding of CKD in the primary care electronic record may be associated with improved blood pressure management and urinary albuminuria testing compared with those with uncoded CKD [6] .
The National Chronic Kidney Disease Audit (NCKDA) [7] was set up to audit the testing, identification and management of CKD in primary care in the UK. The audit capitalized on the existence of computerized practice records and used an automated extraction tool that directly extracted data from the electronic health record with automatic encrypted upload to a central data safe haven. The first round of data collection (round 1) provided an initial snapshot of the above outcomes for the practices enrolled in the audit. Practices were encouraged to make use of the electronic QI tools for CKD, which were developed by the NCKDA team in collaboration with Informatica Systems as an integral component of the audit. The QI tools provided practice lists of people with risk factors who may need testing for CKD, people who may require CKD coding or coding removal and prompts to support the management of those with coded CKD. In addition, consultation prompts alerting clinicians to people with uncoded CKD could be activated [1] . A second extraction of data was made (round 2) at least 90 days after round 1 to ascertain the impact of the QI aspect of the audit process.
We used individual patient data from the NCKDA to investigate the associations between individual patient characteristics and coding for CKD among those with biochemical evidence of CKD based on creatinine measurements. We further sought to identify the characteristics associated with improvements in coding status at round 2. Among patients with biochemical evidence of CKD, we then investigated the relationship between coding and five key markers of primary care management of CKD [10] : (i) meeting blood pressure targets, (ii) being offered statins for CVD prevention, (iii) receipt of urinary albumin:creatinine ratio (ACR) or protein:creatinine ratio (PCR) testing, (iv) receipt of flu vaccine and (v) receipt of pneumococcal vaccine (for those with CKD Stages 4-5).
This work will help identify whether there are population subgroups for whom coding for CKD requires improvement and whether these same characteristics are associated with a lack of coding improvement or receipt of primary care interventions aimed at improving patient outcomes.
M A T E R I A L S A N D M E T H O D S

Data source and study population
All practices in England and Wales who were current users of the Informatica Audit Plus software were invited to participate in NCKDA between March 2015 and July 2016. NCKDA round 1 data were collected from all GPs in 1039 GP practices representing an underlying population >18 years of age of 8.24 million in England and Wales. Coverage in England and Wales differed substantially as a result of technical difficulties and differential use of the software used to extract data for the NCKDA [1] ; final coverage was $76% of practices in Wales and 9% of practices in England. All Welsh practices had Audit Plus installed (funded by the National Health Service in Wales) while in England, practices actively purchased Informatica Audit Plus software to support better disease management [1] . Data on CKD coding, eGFR test results and relating to CKD management were extracted for all patients with risk factor coding for CKD at least 1 year prior to data extraction. A full list of risk factor codes and full details regarding the study population are available elsewhere [1] . Practices received e-mail feedback about the prevalence of biochemical, coded and uncoded CKD suggesting that they might use the QI software to improve coding.
Round 2 data were collected from 948 of these practices, with a median of 8 months from round 1 (range 3-20 months). Figure 1 shows patient progress from round 1 to round 2 by coding status. A total of 65 661 patients with uncoded CKD at round 1 (i.e. no code for Stages 3-5 CKD, but with biochemical evidence for CKD) for whom round 2 data confirming biochemical CKD were available were included in an analysis of coding improvement.
Information about referrals to secondary care was available through extraction of outpatient referral codes collected at round 
Outcomes
Coding. Coding status for CKD (defined by the presence of a code for Stages 3-5 CKD) was analysed for 256 433 patients with biochemical evidence of CKD [two Modification of diet in renal disease-isotope dilute mass spectrometry (MDRD-IDMS) eGFR measurements <60 mL/min/1.73 m 2 at least 90 days apart]. MDRD IDMS measurements incorporating the ethnicity adjustment were derived from creatinine measurements and used for this analysis, as the majority of laboratories in the UK do not report the Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI) eGFR.
Coding improvement. Among patients with uncoded CKD at round 1 and for whom round 2 data confirm biochemical CKD, coding improvers were defined as those who had a code for Stages 3-5 CKD at round 2.
Referrals to secondary care. Referral to secondary care is defined as any nephrologist referral code collected at round 1 from the GP records or any nephrologist outpatient clinic code held in the HES database (see Supplementary Appendix).
Primary care management of CKD. Blood pressure management.
Patients were considered to have met blood pressure targets if they had blood pressure measurements taken in the previous year and had either (i) systolic blood pressure <130 mmHg and diastolic blood pressure <80 mmHg (for those with diabetes or proteinuria defined as last ACR !70 mg/mmol or last PCR !100 mg/mmol) or (ii) systolic blood pressure <140 mmHg and diastolic blood pressure <90 mmHg (for everyone else). Those with blood pressure measurements taken >1 year earlier were not included as meeting targets, regardless of the measurement. Only the single most recent blood pressure measurement was available from the GP record.
Statins. As part of a CVD prevention strategy, statin therapy is recommended for all individuals with CKD Stages 3-5 [11] . We report here on individuals for whom there was any previous recording of statin prescription collected at round 1 from the GP record.
Proteinuria testing. It is recommended that testing for proteinuria be carried out at least once a year for all individuals with CKD Stages 3-5 (increasing to four times a year for those at Stage 5) [10, 11] . Proteinuria testing was considered as having been undertaken if patients had an ACR or PCR test collected at round 1 that was from the previous year or the previous 2 years, to provide some insight into the extent of deviation from testing guidelines.
Flu vaccination.
Guidelines state that all individuals with CKD Stages 3-5 should be offered an annual flu vaccination unless contraindicated [10] . We report the percentage of patients receiving this vaccination in the previous year.
Pneumococcal vaccination.
For individuals with CKD Stages 4-5, it is additionally recommended that pneumococcal vaccination be administered unless contraindicated and that individuals should be offered re-vaccination within 5 years [10] . We report the percentage of patients with Stages 4-5 disease receiving this vaccination in the previous 5 years.
Among those with uncoded CKD, results are presented separately for those with and without a urological or renal diagnostic disorder code (a full list of corresponding read codes is available elsewhere [1] ).
Predictors of coding and coding improvement
The following characteristics were considered as potentially being associated with coding and/or coding improvement: 
Statistical methods
Population-averaged logistic generalized estimating equations (GEE) models were fitted for having coded CKD (among those with biochemical CKD at round 1) and for coding improvement (among those with uncoded biochemical CKD at round 1 and biochemical CKD at round 2), allowing for clustering of patients within practices.
The use of five interventions for CKD was summarized among those with biochemical CKD according to CKD and renal disorder coding status. Odds ratios (ORs) comparing the coding groups for each of these management outcomes were estimated using population-averaged clustered logistic GEE models adjusted for IMD group, sex, age group, country, last known CKD stage, diabetes, hypertension, CVD and statins (except for statins outcome).
R E S U L T S
Predictors of coding for CKD
A breakdown of coding status by key characteristics is given in Table 1 for a total of 256 433 patients with Stages 3-5 CKD patient management in primary care biochemical CKD, among which 78 156 (30%) did not have a read code for CKD. There was considerable interpractice variation in the proportion of biochemical CKD cases that were coded, ranging from 4 to 100%.
Being male, being older, having later stage CKD, lower IMD (more deprived), diabetes or hypertension and being offered statins were all associated with increased odds of coding in unadjusted analyses. In a mutually adjusted analysis, all these associations remained except for IMD (Table 1) . Belonging to an English practice rather than a Welsh practice also seemed to increase the odds of coding in both the unadjusted and adjusted analyses. There was evidence that the difference between males and females was only present in Wales {multivariable OR for males in Wales 1.11 [95% confidence interval (CI) 1.07-1.14]; in England, multivariable OR 1.01 (95% CI 0.99-1.04); P-value for interaction <0.0005}.
Around half of those with uncoded Stage 5 CKD (164/317) also had a renal disorder code (Table 2) . Of the 153 who did not, 45 had either a dialysis or a transplant code, and a further 70 had a nephrologist referral code (either in the audit data or HES data). This left 38/3254 (1%) patients with biochemical evidence of Stage 5 CKD who were not coded for CKD, had no other renal code and who also had no referral, dialysis or transplant code.
Predictors of coding improvement at round 2
Among those with uncoded biochemical CKD at round 1 who also had biochemical evidence of CKD at round 2, 5211 patients [of 54 000 (9.7%)] were found to have been coded at round 2 (Table 3) .
After adjusting for other factors, those <60 years of age had a 15-20% reduction in the odds of coding improvement compared with those !60 years of age, although those aged !90 years of age also had a 15% reduction in the odds of coding improvement compared with those 60-69 years of age [OR 0.86 (95% CI 0.79, 0.95)] (Table 3) . Those with CKD Stages 3b-5 all had a 1.5-to 2-fold increase in the odds of coding compared with those with biochemical evidence for CKD Stage 3a. Furthermore, there was evidence of higher odds of coding improvement among males and those with diabetes, hypertension and on statins. There was no evidence of a difference in improvement by IMD. 
Associations of coding with CKD management
Receipt of all primary care management interventions was highest in those who were coded for CKD ( Table 4 ). The odds of receiving each intervention were greatest in those with coded CKD; the odds of intervention were comparatively reduced among those with uncoded CKD and a renal disorder code (except for statins, where the adjusted odds were similar to those with coded CKD), and reduced even further for those with uncoded CKD and no renal disorder code.
Blood pressure targets had only been met in the previous year in $50% of patients with coded CKD; the odds of meeting the target were even lower in those with uncoded CKD, with a 15% reduction in those with a renal code and a 20% reduction in those without a renal disease code. Proteinuria testing was also low, at $50% of coded CKD patients in the previous year; this was considerably lower in those with uncoded CKD, with an $50% and 80% reduction in odds for those with and without renal codes, respectively. Around 70% of those patients with coded CKD had been offered a statin at some time in the past, with substantially reduced odds for those with uncoded CKD and no renal disease code. There was an $20% reduction in the odds of receiving both vaccinations for those with uncoded CKD and a renal code compared with those with coded CKD, and a 25% reduction in odds for those with uncoded CKD and no renal code.
Referrals to secondary care
Referrals recorded on either the GP record or HES databases accounted for 27.9% of those with uncoded CKD at round 1 with a renal code but only 5.3% of those with uncoded CKD and no renal code (compared with 19.0% of those with coded CKD).
D I S C U S S I O N
Main findings
Younger patients, females and those without major comorbidities (diabetes, hypertension) who have biochemical evidence of CKD are least likely to have a CKD (Stages 3-5) code in their primary care record. Patients with biochemical CKD without a CKD code were less likely to be offered a statin, receive flu and pneumococcal vaccination and have their blood pressure controlled to target or have undergone proteinuria testing.
Those who have biochemical evidence of CKD and a renal code were more likely to have received some interventions, but not to the same level as people with biochemical CKD who were coded.
Main findings in context
Among the 256 433 cases with biochemical evidence of CKD at round 1 of the national CKD audit, only 70% (178 277) are included on the QOF register as CKD Stages 3-5. This compares to 72% reported by Jain et al. [6] in a sample of similar size from 2005 to 2009. Although broadly similar, some of the difference could be explained by the definitions of biochemical CKD used (we use two eGFRs at least 3 months apart, versus their two measurements 7 days apart) and our use of re-calculated eGFRs.
Among those patients with biochemical evidence of CKD, males, older patients, those with lower eGFR (more severe CKD stage), diabetes, hypertension or receiving statins and those in English practices had increased odds of being coded for CKD. Another study previously reported similar relationships with sex and co-morbidities, but not with age [12] . Our results suggest that even for patients with the same CKD stage and comorbidities, younger patients have reduced odds of coding compared with older patients. Furthermore, we have shown that these same characteristics (except country) were associated with coding improvement following audit among those patients with uncoded biochemical CKD at round 1 who still had evidence of biochemical CKD at round 2. Although others have demonstrated that QI tools can be useful in improving intervention outcomes [13] , such studies have taken a more direct approach to improve specific interventions, such as blood pressure control, rather than through coding improvements, which may be more wide-reaching.
Our findings on management interventions for patients with coded CKD in primary care are also broadly similar to those reported elsewhere [14, 15] , but we have also demonstrated the positive relationship between coding and patient management.
Interpretation and implication
There are many reasons why an individual with biochemical evidence of CKD may not have a corresponding code, including uncertainty about guidelines for testing and diagnosis and concern about medicalizing a natural ageing process [15] . However, the relevance of the absence of coding lies in its potential impact on a range of patient measures in primary care. Here, this is substantiated by the reported differences in the application of key management interventions between coded and uncoded groups with biochemical CKD. Among those with uncoded CKD, having a renal disorder code is associated with higher application of all these interventions, though not to the same level as those with a CKD code. We examined the possibility that the observed differences are, at least in part, due to differences in recording of these interventions and whether those with renal disorder codes can be managed in secondary rather than primary care, with a corresponding lack of recording on GP databases. Investigation of referrals to secondary care suggests that although the difference in interventions in patients with coded CKD and those with uncoded CKD and a renal disorder may be explained in part by differences in referrals, there is no evidence that patients without a CKD or a renal disorder code are receiving interventions in secondary care. However, it is also possible that some referrals were not captured here, for example, for joint specialist outpatient clinics, which may be coded under the nonnephrology speciality code in HES (e.g. joint diabetic-renal specialist clinic or joint urology-renal clinic).
Our findings suggest that practices and local health authorities should take a more active approach to ensuring CKD coding and resultant patient review for those with CKD and that implementation is encouraged using active QI techniques. In the UK, this is of particular importance, as the renal QOF indicators have now been retired [16] .
Strengths and limitations
We used data from a large, population-based study to investigate relationships between coding, patient characteristics and care. Although large and with good coverage of Welsh practices (76%), the study includes only 9% of English GP practices. It is likely that practices with higher ethnic minorities are underrepresented in this sample (in England, the non-white population is $9.1%, compared with 4.4% in Wales [17]). Previous work has suggested that CKD prevalence varies across ethnic minorities [18] , but also that management outcomes may be reduced in these minority subgroups [19] . Furthermore, participating English practices chose to install the audit software and therefore were more likely to have an interest in QI. In light of this, for England, the underlying proportion of uncoded biochemical CKD cases may be even higher than we report and management outcomes may be lower in some or all of the groups of patients with CKD.
Limitations of the audit include the use of routinely collected clinical data. There will inevitably be inaccuracies in the clinical data set and it is likely that there will be underrecording of at least some morbidities; however, underrecording would mean that the GP also is not aware of the respective morbidity. The 'missingness' in hypertension, diabetes and statin prescriptions is not known, since this would occur where there is an absence of a recorded date, making it indistinguishable from individuals without these events. However, as recording of hypertension and diabetes has been incentivized by the QOF through a number of measures, there is little reason to assume that a majority of cases would have been missed.
C O N C L U S I O N S
Electronic QI initiatives, which alert practitioners to uncoded CKD cases, with in-consultation prompts and patient lists Table 4 . Management outcomes for those with biochemical evidence of CKD at round 1, by coding status requiring action, produce a small but important improvement in coding. However, this improvement tends to be focused on older patients and those with well-established risk factors for CKD. Further efforts to improve coding for younger patients who have much to gain from regular CKD review, blood pressure and CVD risk management are needed.
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